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Development of the Palate and the Definitive Choanae
in the Pig.
Introduction.
The development of the choanae and the palate have he en
studied quite extensively in many mammals, including the human
embryo
.
I have attempted in this paper to describe the development of
the definitive choanae and its relation to the development of the
palate in the pig.
Our knowledge of the points considered in this article, up to
1891, was summarized y !.:inot (189£, pp. ,575-581) , though without
any discussion of the literature , his account being chiefly based
on His.
Later than this are the papers of Hochstetter ('91) on the
rabbit and sheep and f9£) man. Previous to Hochstetter the formation
of the bucco-nasal membrane and its p#ftforation was unknown.
Peters in 1902 reviewed the literature on the points of the
* development of the primitive palatal processes. Pttlzl in 1904
reviewed the very earliest work on the human palate, beginning with
Dursy, who in 1864 published the first description of this develop-
ment. She compared this work with that of His, Mehel and others
before adding the results of her investigation.
Stadelmann in 1916 has given a detailed account of the develop-
ment of the roof of the mouth in the sheep.
Llaterial and Hethod.
This investigation was carried on by the study of surface
view, dissection, and series of "trans verse sections of the pig
embryo from 6.5 to 39 mm. long.

2Wax reconstructions were made of the 17 ,£0 ,50 , and 39 mm.
stages so that the direct serial relation of the parts could be
more easily followed.
I desire to thank Professor J. S. Kingsley for his valuable
suggestions and interested criticism during the progress of the
investigation.
Observations
.
In the six millimeter embryo there is a thickening of the
ectoderm on either side of the head, in front of , lateral, and a
little medial to the eye. These thickenings are the anlagen of
the olfactory organs. Each thickening is elongate in the sagittal
plane of the animal, is slightly excavate near the center, while
the thickened marginal walls are due in part to a greater thick-
ness of the ectodermal cells on the medial, lateral and dorsal
walls, in part to the actual depression of the central portion of
the layer. On the ventral side there is not the same thickening of
the ectoderm
,
so that there is here a slight groove which extends
from the central pit into the mouth just inside the occludent
margin of the upper lip. The depression is the olfactory pit, its
ventral prolongation is the oro-nasal groove. The groove is slight
but it is to be noted that the epidermis at its bottom is thickened
like that in the margins and center of the olfactory organ
,
and
it is this thickened portion which forms, as will be seen later, the
bucco-nasal membrane.
In an embryo eight millimeters long, the depression in each
olfactory region is deeper than before, the median and lateral
nasal processes which form the pit, are more pronounced , and there
are similar, but slight changed ia the region of the oro-nasal
groove.

3When the embryo is 10 min. long, the pits are much deeper, so that
each may be described as a blind sac, the inner end being 0,1 mm.
within the head. The anterior part of the floor of this sac is
formed by the thickened epidermis of the oro-nasal groove, but
the epithelium of the hinder part of the sac is free from the more
posterior oral epithelium.
At the same time the ventral ends of the median and lateral
nasal processes are approaching each other and fusing from behind
forward, so that all that persists of the groove is a v shaped
notch upon the anterior surface of the upper Hip. (At the dorsal
end the fusion is not so great i.e., the wall between the pit and
the mouth cavity is thinner). The opening to the pit is the
external nares , the thickened epithelium of the groove forms the'
material in which the respiratory duct and the (thoana are to be
found later, but at this stage there is no definite connexion of
the nasal pit or sac with the oral cavity.
The development of the nasal processes produces a broad
shallow groove between the two external nares. Ventro-lateral to
the naris is the depression of the lachrimal groove , extending
from the eye to the medial part of the oro-nasal groove and
separating the more lateral maxillary process from the frontal
process
.
In the twelve millimeter embryo each pit is deeper so that the
inner end of the blind sac is 0.£ mm. within the head. The external
nares is relatively smaller than before, and the distance between
the nares of the two sides is relatively less than in the 10 mm.
embryo. The nasal and oral cavities are completely separated. But
the fused area at the hinder end is much thinner than elsewhere,

4this part forming: Hochstetter ' s bucconasal membrane. In front of
this membrane, the ectodermal layer has disappeared in the middle
of the fused area and mesenchyme has invaded this portion. The
maxillary processes of the first visceral arch are fusing laterally
with the lateral nasal processes , the line of the lacrimal groove
"being less distinct. At the same time the mandibular processes are
fusing medially to form the definitive lower jaw.
At the seventeen millimeter stage the relative distance
between the nares has diminished and, owing to the partial fusion
of the median nasal processes, the groove between the nares is
more obliterated, there being but a broad and very shallow indent-
ation. This partial fusion of the nasal processes is the beginning
of the formation of the nasal septum. At the same time with this
fusion the head has elongated and the nasal tip is assuming a
snout-like appearance. This fior ward growth of the tip of the snout
is separated from the forehead by a wide and shallow depression.
The lateral edge of the lateral nasal processes have fused with
the maxillary processes on the lateral side of the head, and the
lower outer margin of the upper jaw has a thickened lip. The
mandibular processes are now fused in the middle line so that the
lower jaw is formed , though still much receded. Because of this
fusion the oral opening becomes a definite slit.
a
The bucco-r^sal membranes, which in the previous stage separat-
ed the nasal and mouth cavities, have now broken through and thus
given rise to the oral nasal ducts and secondary connexions
between the nose and the mouth are established, this condition
paralleling that found in the amphibia. The opening^ the primitive
choanae, in the roof of the mouth, formed by the breaking through
of the bucco-nasal membrane are slit-like and elongate in the

5sagittal plane and lie just within the margin of the jaws. On
either side and behind them, but at a lower level, are the
palatal processes , while from the anterior margin of the mouth cavity
a slight elevation, the papilla palatine, projects between the choana
The palatal processes, at present scarcely more than a ridge, extend
downward and slightly inward from the inner occludent margin of
the jaw. These processes arc lateral to the fleshy tongue which
is still attached to the floor of the mouth to the very tip.
;7hen the embryo is twenty millimeters long the snout is becom-
ing more suine, and the distinction between the snout and the
forehead is more emphasized. At the same time the external nares
are attaining their definitive position in the center of the end
of the snout
.
The palatal processes have become more distinct and their
margins are directed more toward the median line, and hence are
relatively nearer to the fleshy tongue. The extreme tip of the
tongue is now no longer attached to the floor of the mouth.
Betv/een the median margin and the occludent margin of the jaw
each palatal process is excavate longitudinally on its ventral
surface so that each presents a shallow groove. Laterally each
process now shows at its lateral margin a slight elevation, most
marked posteriorly, the alveolar ridge. Each palatal process is
crossed anterior to the mid-line by three transverse ridges, the
first appearance of the palatal rugae.
Between the palatal processes, at the extreme anterior end,
the choanae are still visible in the primitive roof of the mouth.
They show slight change in form
,
except that they are more
elongate than before.
The changes in the twenty-five millimeter embryo are slight.

6The palatal processes have extended slightly farther inwards, and
their median margins are "becoming more undulating in outline as
viewed from below, while in front they are beginning to fuse with
the papilla^ palatini With this change the primitive choanae are
no longer visible in direct view, but can still be seen by looking
in at an oblique angle. There is also an increase in the number
of palatal ridges as well as in their length and prominence, except
at either side of the sBries.
In the twenty-seven millimeter embryo the palatal processes
have increased in extent, those of the two sides growing towards
each other, so that they nearly meet at about the middle of the
roof of the mouth, while in front and behind this region they gape
more widely, the gap being somewhat hexagonal in form.
Sections show that the tongue rises into this opening, its
dorsal surface nearly meeting the septum nasi formed by the tissue
around the median plate of the ethmoid cartilage. The extension
of the palatal folds is still largely in the vertical plane, and
on either side there is, as yet, but a broad shallow groove where
ducts are later to develop. These downward extensions of the
processes, are much longer in the middle than at either end of the
palatal region. The rugae palatinae are slightly longer than befor e,
but they stop some distance from the median margin of the palatal
processes
.
In the thirty millimeter embryo the nasal and mouth cavities
are separated except at the anterior and posterior ends, this
separation being brought about by a change in the direction of the
growth of the palatal processes. In the twenty-seven mm. form
these were directed downward on either side of the tongue, but now

they have assumed a horizontal positionand have fused above the
tongue in the middle line for about half their length, the line
of fusion "being marked by a median raphe. In front of the fusion
there is an oral opening in which the palatal papilla is still
visible, taking up about half the length of the gap. Behind the fu-
sion the palatal cleft continues back for some distance as a very
narrow v-shaped slit.
Sections show that the union of the edges of the processes
begins dorsally and progresses ventrally. At the anterior end of
their fusion they are in contact with the nasal septum. At the
hinder end where they have not yet united, the lower margins of the
processes are again the first to separate. Along this line of
fusion the epithelium of the two processes persists as a well-
marked line in the sagittal plane and at a few points near the
n
anterior end along this line of concresce^e there are slight
indications of invasions of mesenchyme. By this concreseence the
primitive mouth cavity has been divided into two chambers, an
uppe^ which eventually develops into the respiratory ducts, and a
lower, the definitive oral cavity.
In front, the olfactory region is still in communication with
the respiratory part of the upper chamber by means of the primitive
choanae, but farther back olfactory and respiratory parts are
completely separated by the union of the septum nasi with the walls
of the head just lateral to border of the respiratory tract. This
latter cavity is higher on either side than in the middle where
the ventral protrusion of the vertical plate of the ethmoid
( which now contain the first traces of the vomer ) nearly meet,
there being a slight raphe on the dorsal side of the line of fusion

of the palatal processes, corresponding to the one described above.
In the thirty-nine millimeter embryo the anterior opening
between the mouth cavity and the primitive choanal region of the
thirty mm. embryo has decreased in actual size, while the palatal
papilla has united with the posterior margin of the opening so
that there are now two canals, the foramina incisiva^wlich persist
throughout life. The tip of the papilla is prominent on the oral
surface, a condition which also persists.
The median fusion has progressed still further backward and
there is now a v-shaped opening from the respiratory duct into the
pharyngeal cavity. In section (fig/T) it is seen that the single
respiratory duct of the previous stage has been divided into two
for a considerable part of its length by the downward growth of
the septum nasi and the fusion of its ventral edges with the side
walls of the duct. With this there has been a relative deepening
and narrowing of the duct. The figure illustrating this point is
from a section cut a little obliquely so that on one side it shows
the respiratory duct cut off, while on the other it is still in
communication with the respiratory cavity.
In the roof of the mouth of the seventy mm. embryo the palatal
rugae shows farther inward toward the mid-line »* a few in the
middle almost meet.
Summary.
1. The anlagenof the olfactory organs are two thickened
excavate patches of ectoderm, formed on either side of the head
a considerable distance apart, in front of, and medial to the eyes*
2. At a later stage each of the nasal pits is deeper and is

united v;ith the angle of the oral cavity uy means of an oro-nasal
groove. The lateral, upper, and medial margins of these pits project
thus forming the lateral and medial processes.
3. By a fusion of the lower inner margin of these processes
the connexion bwtween the nasal and oral cavities is cut off by
a membrane.
4. Later as the pits deepen, the membrane between them breaks
through, and thus the primitive choanae, passages between the
nasal and primitive mouth, are formed.
5. Palatal processes grow into the oral cavity from either
margin of the upper jaw, at a lower level than the primitive choanae
As these grow inward toward the mid-line, palatal rugae are develop-
ed on the ventral surface. At first there are but two or three of
these, then more appear with increasing age.
6. The palatal processes fuse in the middle line except at the
anterior and posterior ends. This fusion divides the mouth cavity
into tv/o , an upper respiratory and a lower secondary mouth cavity.
The palatal papilla^ projects downward into the anterior opening.
Posteriorly there is an elongate v-shaped slit.
7. The anterior opening has decreased, the palatine papilla
has united with the anterior margin of the fused processes, so that
there are now two canals, the foramina incisiva^ which persist
throughout life.
8. Laterj the partitions formed by the palatal processes fuse|(
dorsally in the mid-line with the nasal septum and thus the upper
respiratory cavity is divided and each duct communicates with the
mouth cavity at the posterior end.
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Explanation of Hates.
Abbreviations.
Al« R%, Alveolar ridge.
B. n. , Buc co -nasal membrane.
D.
,
Dental ridge.
E.
,
Epithelium in the fusion area of the nasal processes.
Fo. In., Opening of the Foramina Incisiva into the mouth.
L. P., lateral nasal process.
K, b., Bucco-nasal membrane.
M. P., Median nasal process.
N. P. , Nasal pit.
U. S., Nasal septum.
0. c, Oral cavity.
P. b . , Blind sac
.
P. Ch. , Primitive choana.
P. 0. , Primitive oral cavity.
P. P.,Palatal processes.
Pr. , Palatal rugae.
Ed., Respiratory duct.
T.
,
Tongue.
V. , Vomer.
Plate I.
Pig. 1. Frontal view of the head of the 12 mm. pig embryo.
Fig. 2. Ventral view of the roof of the primitive mouth of
the 17 mm. embryo.
Fig., 3. Ventral view of the roof of the primitive mouth of the
£0 mm. embryo.
Fig., 4. Ventral view of the roof of the primitive mouth of
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the 25 mm. embryo
.
Pig. 5. Ventral view of the roof of the primitive mouth of
the 27 mm. embryo.
Fig. 6. Ventral view of the roof of the secondary mouth of
the 30 mm. embryo.
Pig. 7. Ventral view of the roof of the secondary mouth of
the 39 mm. embryo.
Pig. 8. Ventral view of the roof of the secondary mouth of
the 70 mm. embryo.
Plate II.
Pig. 9. Cross-section of the head of the 12 mm embryo , slightly
oblique, thus showing on one side, the fused process-
es where mesenchyme has invaded the area, on the
other, the hue co-nasal membrane.
Pig. 10. Cross-section of the head of the 12 mm. embryo
posterior fig. 9, showing the union of the processes
on one side and the blind sac on the other.
Pig. 11. Cross-section through the head of a 17 mm. embryo
showing primitive choanae.
Pig. Ik. Cross-section through the anterior region of the
head of a 27 mm embryo showing the shorter palatal
processes
.
Pig. 13. Cross-section through the head of a 27 mm. embryo
posterior to fig. 12, to show the processes longer
in this middle region.
Pig. 14. Cross-section of the head of the 30 mm. embryo,
showing the anterior communication of the nasal and
mouth cavities.
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Fig. 15. Cross-section through the head of the 30 mm.
embryo, posterior to fig. 14, to show the fusion
of the processes, the slight indication of the
invasion of mesemchyme and the fusion of the
processes with the nasal septum.
Pig. 16. Cross-section through the head of the 30 mm.
embryo in the posterior region to show the
ventral separation.
Fig. 17. Cross-section of the 39 mm. embryo cut slightly
oblique, showing on one side the respiratory duct
cut off ,on the other, the connexion with the
respiratory cavity.
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